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Overview

e Background
— Needsfor analysis
— EXperiments
e Analysis methodology and code scalability
— Scalability
— Mesh size analysis
— Final mesh
— EXxperimental comparisons
e ImprovementstoCTH
— AMR
— Rigid nclusions
e Conclusons
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Background

o S& PSresearch program isfocused on the
war fighter’s needsfor force protection and
counter-terrorist threats.

 Need to provide engineering toolsto allow rapid
evaluation of the effectiveness of counter-terrorism
technology.

e ERDC hasconducted a series of small-scale blast-
barrier experiments.

« Useanalytical approach to increase our
under standing of the experimental data.

| B

US Army Corps

of Engineers Engineer Research and Development Center




Experimental Test Setup
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Experimental Data
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Reasons for Computations:

e Why isthe benefit of the blast
wall so much greater along the
zer 0 degree azimuth?

e Test datapresentsagood
opgortunity to verify analysis
code.

e Validated smulationswill be
used to understand and design
blast walls.
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Analysis Approach

e Analysis methodology and code scalability

— Scalability

— Mesh size analysis

— Final mesh

— EXxperimental comparisons
o
o
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Analysis Methodology and Code Scalability

e UseCTH topredict airblast.
— CHSSI
— Scalable
— Eulerian shock physics code
e Show scalability on current systems.
e Optimizecdl sizefor runtime and numerical error.
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Systems for Scalability Study

Ospr Pandion
T3E e/ Origin
(IBM SP) (IBM SP)
Pr ocessor
Type Alpha P2SC POWER?2 R10000
Number of
T 544 255 126 112
Pr ocessor

Speed 600 MHz | 135MHz 160 MHz | 195 MHz

Total

Gflops 634 137.7 80.6 49.9
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CTH Scalability
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Cell Size Optimization

e Initially use 1-D spherical analysis
— Starting cell spacingis2.5cm

— Decrease by Y2 until minimal changesin pressure and
Impulse

— Limit peak pressureerror to approximately 10%

— Limit peak impulse error to approximately 5%

— Use variable spaced mesh to accommodate error limits
e Check with 2-D and 3-D analysis
e Compareto control experiments (free-field)
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Pressure, 1-D, 2-D, 3-D Verification

Gage 25
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|mpulse, 1-D, 2-D, 3-D Verification
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| nitial Blast Wall Mode
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Final Blast Wall Model
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Experimental Gage Locations
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Comparisons with Blast Wall Experiments

Gage 15
Range=500 mm
20 4.8
| T
16 f / ~ 4
¢ \
v N
- N
12 \ PRe=R M 32
7 4
Ll 4 2.4 (I-}J)
(e \ _
o o
0p] o
@ ; 16 =
@
T / "
\ A /\ "
. ] .
o ?“/\\/ \\I‘”“/\\/ l \'\f& \' 0.8
. SR Y | 0
\ T1 - Pressure T2 - Pressure CN - Pressure
| - - -Ilmpulse  —— - - = - Impulse - Impulse
-0.8
0.25 0.5 0.75 1 1.25 1.5 1.75 2 2.25 2.5
Time, msec

l

US Army Corps
of Engineers

Engineer Research and Development Center



Peak Pressure Comparisons
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Peak | mpulse Comparisons
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| mprovements

e ImprovementstoCTH
— AMR
— Rigid inclusions
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| mprovementsto CTH

e Automatic Mesh Refinement (AMR)
— Littlefield, TICAM
— Refine and coar sen cell spacing as needed
o Reducesthe active mesh size
e RIigid inclusions
— Littlefield, TICAM
— Remove solid material EOS when possible
o> Usually will increase DT
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| nitital AMR Checks

PE’s AMR Time
1 NO 2040
1 YES 626
8 YES 226
8 NO 340
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Initial Rigid Inclusion Checks

e Reduced blast wall mesh
— 3.8 Million Célls
e Runfor 10 hourswall time on 8 processors
e RIigidinclusion
— Simulated 0.5 ms
e Sted material
— Smulated 0.3 ms

e Net improvement in smulated problem timeof 67% for rigid
material

— Rigid inclusion increased DT as expected
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Rigid Inclusion/Steel Wall Problem Setup

Steel Wall and Base
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Conclusions

e CTH reproduces experimental results.

— Results are being used to under stand
phenomenology near blast walls.

— Analysisrequires extensive HPC resour ces provided
under the challenge projects.

e Enhancement offer significant improvementsto
analysistimes.

— AMR offersa net improvement of 33%
— Rigid inclusions offer s an improvement of 67%
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